Introduction
During the past decades the interest of new bioactive compounds for applications in medicine or agriculture has increased dramatically (Gocan & Cimpan, 2005; Kaliszan, 1987; Kaliszan, 1992; Krieger et al., 2001; Lipiński et al, 2001; Nasal et al., 2003; Sangster, 1997) . Physicochemical properties of new bioactive compounds like pesticides, such as solubility, lipophylicity (hydrophobicity), stability and acid-base character, should be determined in the early stages of development. These properties affect absorption, distribution and transport of xenobiotics in biological systems. The hydrophobic effect is assumed to be one of the driving forces for the passive transport of xenobiotics through bio-membranes and to a certain degree responsible for interactions with receptor. The expressions "lipophylicity" and "hydrophobicity" are frequently used as synonymous, but in scientific use their meaning should be distinguished. According to IUPAC suggestions (Pliška et al., 1996) hydrophobicity means the association of nonpolar species in aqueous environment arising from the tendency of water to exclude nonpolar molecules. Lipophylicity as a measure of relative affinity of a molecule for a lipophylic environment has a broader meaning than hydrophobicity because may be connected with polar interactions. Lipophylicity as a property determining biological activity of substance was firstly recognized by Overton, Meyer and Baum (Kaliszan, 1987; Kaliszan, 1992) . During the time hundreds of articles, among them some review papers, of lipophylic properties of different bioactive compounds in medicine, agriculture or environmental chemistry have appeared (Héberger, 2007; Kah & Brown, 2008; Komsta et al., 2010; Poole & Poole, 2003; Valkó, 2004; Wang et al., 1999; Sherma, 2003) . Lipophylicity is commonly measured by solute distribution in biphasic liquid system and universal lipophylicity scale is formed by the logarithms of partition coefficients (log P) in the case of neutral species or distribution ratio (log D) for ionisable compounds (Kah & Brown, 2008; Pliška et al., 1996) . In early seventies octanol-water was proposed as reference system for lipophylicity measurements and to this day it remains as a standard for experimental and theoretical investigations. Due to experimental limitations connected with direct measurements of log P (log D) parameters by shake-flask method, chromatographic techniques are getting more and more popular in studying lipophilic properties of organic substances. Though partition parameters produce more universal scale of lipophylicity, chromatographic approach is much more convenient, reproducible, fast and inexpensive. The shake-flask and liquid chromatography procedures are now standardized and officially recommended by the Organization of Economic Co-operation and Development (Guidelines for the Testing of Chemicals) (Nasal et al., 2003) .
Theoretical background
The application of liquid chromatography in lipophylicity determination follows from the definition of retention factor k:
where n is the average number of solute molecules while c is solute concentration at equilibrium, in the stationary and mobile phase, respectively; V s and V m are volumes of stationary and mobile phases. Introducing the phase ratio φ equal to V s /V m and taking into account the definition of partition coefficient K referring to Nernst's law:
where c is the concentration of neutral form of molecules in two immiscible solvents 1 and 2 at equilibrium, we can write:
Collander (Kaliszan, 1987) formulated the equation relating partition coefficients determined in different water-organic solvent systems:
In equation 4 constants P a and P b are partition coefficients corresponding to two different systems: water-solvent a and water-solvent b. As it was already observed by Collander, the fit of equation 4 depended on the polarity differences between organic solvents a and b.
The combination of equations 3 and 4 leads to fundamental relationship in chromatographic determination of partition coefficient:
where regression coefficients p and q should be evaluated for a set of structurally related standard substances. Important advantage of chromatographic measurements is that partition coefficient can be evaluated independently of impurities and without quantitative analysis. Apart from that reversed-phase liquid chromatography is simple, rapid and relatively inexpensive, requires a much smaller amount of tested solute than shake-flask method and is free of some practical complications like formation of stable emulsions. In spite of all advantages there are important limitations of chromatographic measurements. Reversed-phase chromatographic system is only a partial and incomplete model for octanol-water partitioning. In contrary to liquid-liquid system in reversed-phase chromatography, apart (Kaliszan, 1987; Nasal et al., 2003) . Next complications are connected with reproducibility of results on columns or chromatoplates delivered by various producers or even from different batches of the same manufacturer. The dissimilarities between chromatographic and shake-flask partition coefficients result also from problems with accurate measurements of the dead volume in column technique (Poppe, 1993) or thin-layer effects in planar chromatography (Nurok, 1989) . Summarizing the above considerations it should be emphasized that chromatographic parameters depend not only on solute but also mobile and stationary phases properties and don't form universal scale of lipophylicity, which is limited for structurally diverse substances. Kaliszan (Kaliszan, 1987) and Cipman, 2005 (Gocan & Cipman, 2005) described in details first efforts and the history of applying liquid chromatography, thin-layer and column, for lipophylicity measurements. In the early studies stationary phases were impregnated with n-octanol and developed with mobile phases (aqueous or buffer solutions of organic modifiers) saturated with n-octanol. Such chromatographic systems resembled noctanol-water (buffer) partitioning and many researchers obtained very good linear correlations between chromatographic parameters and experimental log P values. Due to technical inconvenience these methods are rarely used at present. Interesting results were described by Kaune et al. (Kaune et al., 1998) who investigated a group of commercial strazine herbicides and some of their degradation products using octadecyl column (LiChrospher 100, RP-18) coated with n-octanol and the buffer (pH 7.5) saturated with noctanol as the mobile phase. Chromatographic partition coefficients were correlated to literature data ( Figure 1 ) and, in comparison to gradient results obtained on LiChrospher Fig. 1 . Comparison between literature n-octanol-water partition coefficients and estimated by n-octanol-coated column method. (Kaune et al., 1998 (Kaliszan, 1987; Nasal et al., 2003) . For majority of substances it's extremely difficult to measure retention parameter for water (or buffer) as the mobile phase on apolar chemically bounded stationary phase. Due to general elution problem and long retention times, it's possible for moderately lipophylic solutes only. Moreover, water doesn't moisten most of RP layers and such experiments need forced flow, i.e., column or over-pressured-layer not thin-layer chromatography (Tyihák & Mincsovics, 2001) . In liquid chromatography the key lipophylicity parameter is retention factor log k or retention factor extrapolated to pure water log k w . In HPLC the value of log k can be evaluated directly from chromatographic data, i.e. retention volume (V R ) or time (t R ) according to the following equations:
where V o and t o are the dead volume or the dead time, respectively. In planar chromatography solute retention is described by retardation factor R F equivalent to the ratio of the distance migrated by the solute zone to the distance moved by the solvent front and measured from the sample application position. In TLC practice the most frequently used is retention factor R M defined as:
The relationship existing between two factors, k and R F :
leads to the following equation:
Both factors, log k and R M , are used alternatively, but in general R M parameter is still in use in thin-layer chromatography. Isocratic log k values are hardly ever applied as lipophylicity descriptors. These values strongly depend not only on stationary phase but also mobile phase organic modifier. The functions describing the effect of organic modifier concentration in the effluent on retention parameters can cross each other for particular organic solvents. Nevertheless, some interesting results were described by Yamagami and Katashiba (Yamagami & Katashiba, 1996) who studied phenyl N-methyl and phenyl N.N-dimethyl carbamates using Capcell Pak C18 column (Shiseido, Japan) and buffered methanol as the mobile phase and obtained the best linear relationships (R 2 =0.987-0.997) between log k and experimental log P parameters for 50% concentration of methanol in the effluent. Ravanel et al. (Ravanel et al., 1999) on different types of soils and water or water-methanol mobile phases, and by Mohammad et al. (Mohammad et al., 2001 ) on silica, soil or mixed layers containing soil (silica, alumina and cellulose) with different mobile phases (aqueous ammonium or sodium salt solutions, with or without surfactant, aqueous surfactant or pure organic solvents). The parameter most often applied as lipophylicity descriptor is retention factor extrapolated to pure water (or buffer) as the mobile phase, usually expressed as log k w (or R M0 in TLC). The value of log k w is calculated by extrapolation of experimental retention function, i.e. log k vs. ϕ, where ϕ is the concentration (volume fraction) of organic modifier in the effluent, towards pure water (ϕ=0). The results of calculations strongly depend on the range of extrapolation, i.e. the range of organic modifier concentration in the bulk phase, but also on mathematical formula applied for the purpose. The simplest description results from Soczewiński-Wachtmeister's equation (Kaliszan, 1987; Sangster, 1997) :
where s, the slope of the experimental data after fitting to regression model, is related to specific hydrophobic surface are of the solute. Within the intermediate range of organic modifier in the effluent an approximate linear relationship between log k and ϕ almost always is found. The majority of log k vs. ϕ plots are curved for mobile phases "rich" in water. Therefore quadratic equations are also proposed to describe the effect of mobile phase composition on log k values:
where a 1 and a 2 are regression constants without physical significance (Gocan & Cipman, 2005) . Schoenmakers et al. (Kaliszan, 1987) proposed the following equation describing almost entire range of organic solvent concentration in the mobile phase:
Deviations from linearity of equation 13 are observed for higher than 90% concentration of organic modifier in water. According to results obtained by Pietrogrande et al. (Pietrogrande et al., 1985) retention factors calculated according to eq. 13 weakly correlate with log P values so they don't find application in practice. The available evidence demonstrate that log k w values calculated according to equations 11 or 12 differ significantly. Moreover extrapolated retention parameter depends on organic modifier that is in contrary with its physical significance. Some scientist recognize this parameter as an unacceptable lipophylicity descriptor, but majority considerate the extrapolation as a convenient method of standardization of chromatographic data (Gocan & Cipman, 2005; Kaliszan, 1987) . In our investigations we proposed new, alternative to extrapolation method of calculation of log k w parameters [Janicka, 2009; Janicka et al., 2000) . This numerical method, originating from thermodynamic description of the system solute-stationary phase-solution (Jaroniec, 1993) , uses the following linear form of Ościk's equation:
where x org is a molar fraction of organic modifier in aqueous mobile phase and log k org, log k w and log k are solute retention parameters corresponding to pure organic modifier, water and binary mixture as the mobile phase, respectively; a and b are regression factors. In the method the values of log k org, log k and x org are known (experimentally evaluated) and log k w parameter is determined by numerical fitting to equation 14 to obtain the linearity between the left term denoted as G and x org . We tested numerical method for different groups of substances, using various mobile and stationary phases by thin-layer, overpressured-layer and column reversed-phase chromatography techniques [Janicka, 2003; Janicka et al., 2006; Janicka, 2007) and numerical log k w parameters proved to be very good lipophylicity descriptors linear correlated to experimental and calculated log P values and moreover, in contrary to extrapolated, almost independent of the range of organic modifier concentration in the effluent.
In order to introduce the next chromatographic lipophylicity parameter one should return to equation 11. The value of parameter s, regression coefficient of this equation, is characteristic for chromatographed solute. Biagi et al. (Biagi et al., 1994) observed linear relationships between extrapolated log k w values and s parameters for congeneric substances and, similarly to Waterbeemd et al. (Waterbeemd et al., 1996) , designated the ratio equal to s/log k w as lipophylicity descriptor, alternative to log k w , for closely related substances. Moreover the linearity between these two parameters is a measure of congenerity of solutes tested. Valkó and Slegel (Valkó & Slegel, 1993) introduced new hydrophobicity index ϕ o defined as:
According to equation 11 ϕ o is a volume fraction of organic modifier in the mobile phase at which solute retention factor k is equal to 1, i.e. molar concentrations of solute molecules in stationary and mobile phases are equal to each other (equation 1) or a volume fraction required to get the substance retention time exactly twice of the dead time (equation 7). Important advantage of ϕ o is that it's not only a parameter of adjustment but it has physical interpretation and, for majority of substances can be measured experimentally. According to Valkó and Slegel ϕ o parameters evaluated for different organic modifiers correlate to each other as well as to experimental or calculated log P values. Taking into account different lipophylicity parameters determined by isocratic reversephase liquid chromatography one can improve the basic correlation equation 5 by:
or write another relationship:
Isocratic HPLC
Many researchers used isocratic reversed-phase liquid chromatography to measure lipophylic properties of bioactive compounds, also pesticides, both commercial and newly synthesized, using variety of mobile and stationary phases. Braumann et al. (Braumann et al., 1983 ) compared log k w parameters linear extrapolated from water-methanol mobile phase with log P values for a group of herbicides (phenylureas, s-triazines and phenoxycarbonic acid derivatives) and according to their suggestion chromatographic parameters may be a better model for the assessment of lipophylicity in biological system than log P values. Hsieh and Dorsey (Hsieh & Dorsey, 1995) studied seven pesticides (among a group of PAHs and barbiturates) on homemade C-18 columns with water-methanol mobile phase. Extrapolated retention factors log k w were compared with biotransfer factor for beef and milk and gave much better linearity (R 2 =0.852-0.887) than n-octanol-water partition coefficients (R 2 =0.501 and 0.584). Darwish et al. (Darwish et al., 1993) and Cserháti and Forgács (Cserháti & Forgács, 1997) compared hydrophobicity indices (extrapolated log k w and R M0 , and parameter s from equation 11) of twelve pesticides (herbicides and fungicides) evaluated by TLC and HPLC on octadecylsilica stationary phase and water-methanol as the mobile phase. Principal Component Analysis (PCA) showed that chromatographic parameters from two techniques might be used alternatively. However, it was noticed that differences in biological activity of tested herbicides and fungicides couldn't be attributed to separate parameters (s and log k w or s and R M0 ). Similar results were obtained by Zhang et al. (Zhang et al., 2000) who studied 37 commercial pesticides (insecticides, herbicides fungicides and growth regulators) by HPLC and TLC on ODS type stationary phases and water-methanol mobile phases. Lipophylicity was described by retention parameters extrapolated to pure water (log k w and R M0 ) and specific hydrophobic surface area (s values). Linearity between log k w (R M0 ) and s parameters obtained by HPLC (R=0.9867) and TLC (R=0.9790) confirmed both indices as alternative lipophylicity descriptors, but PC analyses showed that particular groups of pesticides, different in chemical structure and bioactivity, couldn't be distinguished from each other considering only chromatographic parameters. Cserháti and Forgács (Cserháti & Forgács, 1994) applied alumina support as stationary p h a s e s i n H P L C a n d T L C t e c h n i q u e s w i t h n-hexane-dioxan as effluent for studying retention of 26 pesticides (commercial herbicides, fungicides, acaricides and insecticides). TLC and HPLC retention factors determined in the studies, though strongly intercorrelated, proved to have a negligible effect on the type of biological activity. Pyka and Miszczyk (Pyka & Miszczyk, 2005 ) studied lipophylic properties of nine urea pesticides. Chromatographic lipophylicity indices (log k w , R M0 , s and ϕ o ) were compared with partition coefficients (five different values: experimental and calculated from molecular structures) and Gutman and Randić topological indices. In experiments HPLC (Econosphere C-18 column) and TLC (RP-18W plates) techniques were used with water-methanol as the mobile phase. Chromatographic lipophylicities were intercorrelated and the results (R>0.99) indicated that studied pesticides could be regarded as compounds belonging to the same group. Very high linearity (R in the range 0.8450-0.9924) was observed between chromatographic parameters (log k w , R M0 , s and ϕ o ) and partition coefficients, especially for ϕ o calculated from HPLC. From all topological indices analysed in the studies only one, Gutman index M', correlated well with chromatographic parameters and experimental log P values (R>0.9). Peculiar database are ϕ o parameters collected by Valkó for different bioactive compounds (including thirty trade herbicides) and calculated from HPLC data (Brauman et al., 1983 ) obtained on C-18 column and acetonitrile as the mobile phase modifier. Reversed-phase chromatography, both planar and column, is particularly attractive technique for studying new organic substances with potential or even defined bioactivity. Perišić-Janjić et al. 2003a; 2003b; applied planar chromatography to study lipophylic properties of newly synthesized s-triazine derivatives. These nitrogen-containing compounds are widely used as herbicides in agriculture and industry and some of them have fungicidal properties. In the TLC measurements there were used different stationary phases: silica gel impregnated with paraffin oil ( ). Aqueous solutions of methanol, acetone, acetonitrile, dioxane, 2-propanol, tetrahydrofuran or methanol-dilute acetic acid were compared as mobile phases ). Linear extrapolated R M0 parameters were compared with software calculated log P values. In the studies the effect of mobile phase pH value on retention was used to calculate the approximate protonation constants pK a of tested substances. The values were correlated with Hammett substituent constants σ.
In our studies homological s-triazines were investigated in TLC and OPLC technique with RP-8 and RP-18 stationary phases and water-acetone, wateracetonitrile, water-tetrahydrofuran and water-dioxane as mobile phases. We correlated linear extrapolated and numerical log k w parameters with log P values calculated from molecular structures of solutes. The results obtained allowed to select numerical log k w parameters calculated from OPLC technique in water-acetonitrile as the best lipophylicidy descriptors of s-trazines. The same group of homological s-triazines was analyzed in HPLC technique . In this case we applied RP-18e (Purospher) column with methanol or acetonitrile as organic modifiers. Chromatographic lipophylicities, log k w , calculated by linear and parabolic extrapolation and by numerical method were compared with different software calculated log P values. All log k w parameters proved to be very good lipophylicity descriptors but the numerical seemed to be more universal (see Table 1 ). Table 1 . Correlation matrix of log k w vs. log P relationships. . Different scientists investigated new thiobenzanilides, substances with strong antibacterial or antimycotic activity. In the studies reversed-phase planar (Janicka et al., 2000; Matysiak et al., 1999; Janicka, 2006) and column (Niewiadomy et al., 1998; Jó wiak, 2000; Jó wiak et al., 2000) chromatography was applied. In TLC RP-8, RP-18 and RP-CN stationary phases and water-methanol or water-acetone as effluents were used, while in HPLC RP-18e (Eurosil Bioselect) or IAM stationary phases and buffered methanol (pH 4) or acetonitrile were applied as the mobile phases. As lipophylicity descriptors were analysed log k w parameters, linearly extrapolated or numerical and/or ϕ o values. Chromatographic lipophylicities were compared not only with calculated log P values but also with biological activities (described by minimal inhibitory concentration, MIC) against different dermatophytes, yeasts and moulds, giving very good results. Djaković-Sekulić et al. (Djaković-Sekulić et al., 1987) evaluated lipophylic properties of potential pesticides, i.e. ten anilides (formanilide and 4-substituted acetanilides) using TLC technique with starch and cellulose and different mobile phases. Linear extrapolated R M0 parameters were correlated with calculated log P values giving excellent parabolic correlations. In the study very good linearity (R=0.839-0.911) for multivariable regression equation ) studied ten 1,2,4-triazoles using HPLC and TLC techniques. In HPLC they applied RP-8 (Lichrosorb) and water-methanol and water-acetinitrile while in TLC silica gel impregnated with paraffin oil and water-methanol were used. Chromatographic lipophylicity indices (linear extrapolated log k w and R M0 and ϕ o ) were correlated with calculated log P values giving very high linearity (R in the range 0.928-0.996). In the studies relationships between chromatographic lipophylices and antimicrobial activity against Salmonella enteritidis was analysed. Better results were obtained for R M0 and ϕ o than log k w , though deviation from linearity for some substances were observed. Sztanke et al. (Sztanke et al., 2008 ) studied a group of 14 derivatives of 1,2,4-triazolespotential fungicides, applying HPLC technique on ODS stationary phase (Supelcosil LC-18) with buffered dioxane (pH 3.5). Unsatisfactory correlations between extrapolated log k w parameters and calculated log P values (R=0.6707) observed in the studies were explained by the weakness of computer program [Pallas 3.1.1.2, CampuDrug, 2003] in the case of ortho, meta and para chloro isomers. acetone, tetrahydrofuran and dioxane) to determine lipophylic properties of eight 2-phenylacetamide derivatives and obtained good correlations between R M0 parameters and calculated log P values as well as with biological activity predictors. Lipophylic properties of newly synthesized 2-(chlorophenoxy)acyl derivatives and naryltrichloroacetamides, potential herbicides, were examined by Janicka et al. by TLC technique on RP-18 stationary phase and buffered methanol as effluent (pH 5.3, 7.3 and 8.3). As lipophylicity descriptors log k w parameters calculated by linear extrapolation and numerical method were applied. The best linear correlations (R 2 equal to 0.8057, 0.8084 or 0.9811) were observed between numerical log k w and calculated log P parameters for mobile phases at pH 5.3 or 8.3. Kostecka et al. (Kostecka et al., 2006 ) studied lipophylic properties of 2,4-dihydroxyphenylthioamide fungicides by TLC (RP-18/water-methanol) and HPLC (BDS C-18/water-methanol) techniques and their results confirmed log k w , R M0 and s parameters as alternative lipophylicity descriptors for structurally similar compounds. The relationships between fungicidal activity and experimental lipophylicity indicated the possibility of reversed-phase liquid chromatography to choose compounds suitable for microbiological investigations.
Gradient RP HPLC
Important disadvantage of isocratic liquid chromatography application in lipophylicity studies is connected with the time of analysis. This technique usually requires preliminary measurements to establish optimal separation conditions; the range of organic modifier concentration should be wide enough to obtain accurate retention parameters; for more lipophylic substances and long retention times the measurements are much extended. Shortening chromatographic columns or variations of effluent flow rates can partially solve this problem. Another advantages offer planar techniques: the possibility of simultaneous measurements for many substances and, in the case of OPLC applying the forced-flow, really shortened analysis time. But the most attractive solution is gradient elution for the high throughput estimation of lipohylicity parameters. For a linear solvent strength gradient in RPLC the retention time (t g ) is related to isocratic parameters by the following equation (Gocan & Cipman, 2005) :
where t g is a gradient retention time, t M is the column hold-up time, b is a gradient steepness parameter, log k o is the isocratic retention parameter for the system at the start of the gradient, C is complex system constant. Valkó et al. (Valkó et al., 1997; Du et al., 1998) using fast gradient liquid chromatography introduced chromatographic hydrophobicity index (CHI) as an independent measure of hydrophobicity which can be correlated with log P. CHI is an extension of the concept of lipophylicity parameter ϕ o (equation 15) to gradient elution. CHI can be evaluated from the following formula:
www.intechopen.com Kaune et al. (Kaune et al., 1998) used gadient HPLC studying s-triazine herbicides and some of their degradation products on RP-18e (LiChrospher) stationary phase with non-linear water-methanol gradient. Though they observed the linearity between retention factors and literature partition coefficient, especially for higher values, better results were obtained for isocratic HPLC with n-octanol coated column and buffered water saturated with n-octanol as the mobile phase. Verbruggen et al. (Verbruggen et al., 1999 ) also compared isocratic and gradient HPLC in measurements of lipophylicity of organic micropollutants (including pesticides). They used C-18 (Chrompack) column and water-methanol as the mobile phase.
In isocratic elution methanol concentration in the effluent was in the range form 80% to 100% (with 5% step) while in linear gradient elution from 50% to 100%. The results showed linear correlations between chromatographic lipophylicity parameters and partition coefficients calculated from molecular structures of tested substances. Forgács and Cserháti (Forgács & Cserháti, 1998) used gradient HPLC on home-made PEE sil (polyethylene-coated silica) column and water-methanol as mobile phase to evaluate lipophylicity of twenty seven commercial urea pesticides. Linear extrapolated log k w and s parameters were applied as lipophylicity descriptors and analysed by the use of PCA.
According to results obtained by Forgács and Cserháti, biological activity of pesticides tested cannot be predicted by their behaviour or lipophylicity parameters. Donovan and Pescatore ((Donovan & Pescatore, 2002) proposed polymer stationary phase ODP (octadecyl-poly(vinyl alcohol) to determine lipophylicity for a group of 120 bioactive substances, among them 74 commercial fungicides, herbicides and insecticides, using linear gradient from 10 to 100% methanol in buffer. Chromatographic parameters (HPLC-log P ow and retention time) were compared with literature log P ow values (Figure 2 ) as well as with calculated log P ow giving very good results. The authors established the method as a simple, quick, versatile and inexpensive due to: quick gradient and short column (20x4.0 mm). The additional advantage is the possibility of work at any given pH value in a wide range between 2 and 13.
Micellar liquid chromatography
Micellar liquid chromatography MLC is a mode of conventional RPLC using surfactant solution above critical micellization concentration (cmc) as the mobile phase (MedinaHernándes & Sagrado, 1995; Garcia-Alvarez-Coque et al., 1997) . The presence of micelles in the mobile phase provides a variety of interactions: solute association with the polar head of the surfactant, solute penetration into the micelle core, adsorption of surfactant monomers on the alkyl-bounded stationary phases as a result of hydrophobic interactions between surfactant tail and alkyl chain, and solute interactions with adsorbed surfactant and alkyl chains. The presence of organic modifier influences these interactions -it changes polarity of the bulk phase and cmc. Solvent which can solvate stationary phase reduces the amount of adsorbed surfactant. In such system the retention of solute is governed by three different equilibria: solute distribution between the micelle and the bulk phase, solute partition between the stationary phase and the bulk phase and the direct transfer of solute molecules between surfactant-modified surface and the micelle. The last equilibrium is significant in the case of highly non-polar solutes. MLC is very attractive analytical technique due to the low cost and nontoxicity of surfactant unique selectivity, compatibility of mobile phases with salts and water-insoluble compounds, short equilibrium times in gradient elution the possibility of direct application of biological samples. Molecular interactions involving solute depend on its lipophylicity and micellar retention parameters and are the source of important information (Medina-Hernándes & Sagrado, 1995; Foley, 1990) . The simplest theoretical retention model in MLC, used in lipophylicity studies, is based on the following relationship:
where [M] is a total concentration of surfactant in the mobile phase, K AM is the constant describing solute-micelle binding, and k m is solute retention parameter at zero micellar concentration, i.e. at surfactant monomer concentration equal to cmc. K AM and k m parameters can be evaluated form the slope and intercept of experimental 1/k vs.
[M] relationships determined for three different surfactant concentrations in the mobile phase. In micellar chromatography k, k m and K AM parameters, or the logarithms of these values, are used as lipophylicity descriptors and are correlated with log P coefficients. The k m parameter is considered to be analogical to k w index in reversed-phase chromatography. Biopartitioning micellar chromatography and micellar elektrokinetic chromatography MEKC techniques were compared in the measurements of lipophylic properties of phenoxy acid herbicides (Martin-Biosca et al., 2001) . Evaluated retention parameters seemed to be capable of describing and predicting in vitro the toxicity of substances tested. Modified MEKC, so-called microemulsion electrokinetic chromatography MEEKC, was used by Klotz et al. (Klotz et al., 2001) for the indirect measurements of log P values of over 80 different pesticide compounds. Retention parameters were compared with literature log P values giving very good linearity. Another modification of MEKC is vesicle electrokinetic chromatography VEKC applied by Klotz et al. (Klotz et al., 2002) for rapid estimation of lipophylic properties of different compounds -among them 43 pesticides. Very high linearity (R 2 =0.968) between retention parameters and literature log P values showed this technique to be very effective in such investigations. Until now planar techniques with micellar mobile phases are not frequently used for lipophylicity measurements (Shtykov & Sumina, 2002) . In our investigations (Janicka & Pietras-O ga, 2010 ) micellar TLC and OPLC techniques were compared in studying lipophylic properties of eight newly synthesized acetamides applying RP-18W stationary phase and water/Brij35/tetrahydrofuran as the mobile phase. As lipophylicity parameters were proposed micellar retention factors log k and log k m , which were correlated with log P values calculated form molecular structures. Excellent correlations between log k m and log P parameters (R=0.917-0.987) for OPLC results were observed and the results allowed evaluating micellar OPLC as suitable technique -very quick and trustworthy in prediction of lipophilic properties of new compounds. (see Table 3 ). 
BioArena -the method of studying biological activity
Different parameters determined by reversed-phase liquid chromatography, both column and planar, are correlated with biological activity of commercial pesticides or newly synthesized compounds with potential biological significance. The results obtained by various workers confirm the importance of chromatography in studying lipophylicity or biological activity of pesticides and column and planar chromatography reveal their advantages and limitations. Apart from these applications planar chromatography is a unique technique enable to study the mechanism of action of different bioactive compounds. BioArena, a complex system of chromatographic and biological investigations, creates such possibilities. BioArena was invented and developed by Hungarian scientists led by E. Tyihák (Tyihák et al., 2003; Tyihák et al., 2004b) . This complex analytical system was preceded by extensive investigations on enzymatic methylation-demethylation processes and the role of formaldehyde HCHO in the biosphere. The studies demonstrated that formaldehyde is an endogenous component of all biological units and that there is a primary HCHO cycle in this system. Formaldehyde is an indispensable component of all cells and its reaction products play a fundamental role in different biological processes (Ahmad, 1995 : Tyihák et al., 1998a 1998c) . The scientists introduced the term "formaldehydome" (Tyihák et al., 1998b; Tyihák et al., 2008b) which means: "the complete set of HCHO-cycle mediated and non-mediated HCHO pathways of a given biological unit (including the HCHO cycle itself) as the most important HCHO pathway" and being the part of the biological system." BioArena can aid understanding the mechanism of toxic action of different bioactive compounds -drugs or poisons. It's a combination of bioautography (Botz et al., 2001 ) and planar chromatography techniques (TLC, HPTLC or OPLC) making possible to examine the mechanism of toxicity of substances tested directly on the plate, after chromatographic separation. The basic elements of BioArena are presented on Figure 3 (Tyihák et al., 2004b) . Bioautography, the first step of the system, is a very sensitive and selective method for visualization of bioactive compounds after chromatographic separation. Microorganisms can be easy applied to the plate, by immersion or spraying, and the inhibition or promotion of growth in the spots can be visualized by dying living cells. As the next stage postchromatographic investigations are performed: in the adsorbent bed are possible interactions between microbes and co-factor molecules added to the culture medium (Tyihák et al., 2003; . Co-factors added to the cell culture influence formaldehyde level: capture compounds (e.g. L-arginine or glutathione) decrease HCHO level while promoters (e.g. Cu 2+ ions) enhance the antibacterial activity of HCHO (Tyhák et al., 2004a) . BioArena makes possible not only the arrangement of all processes on the layer, but also visual and spectroscopic evaluation of the results and even extending the monitoring time for several days (Tyhák et al., 2004b; Tyhák et al., 2005) . BioArena was used to investigate the mechanism of biological action of different substances such as trans-resveratrol and chamomile extracts (Tyhák et al., 2008a) , aflatoxins (Móricz et a., 2007; ), paclitaxel (Tyhák et al., 2008b , ascorbigens (Kátay et al., 2009 ). In our investigations BioArena system was applied for studying the mechanism of action of 13 newly synthesized potential herbicides -acetamides and chlorophenoxy derivatives . At the end of chromatographic separation the plates with substances tested were dried and immersed in the bacterial suspensions. Bacterial biotest was conducted on Pseudomonas savastanoi pv. Phaseolicola race 6, which causes halo blight on beans. After bioauthography detection five substances demonstrating toxicity against Pseudomonas, were chosen for further investigations. Plates with these substances were immersed into bacterial suspensions enriched in L-arginine or reduced glutathione (formaldehyde captures) or Cu 2+ ions (formaldehydr promoter). After incubation dry plates were visualized by immersing for 5 minutes in aqueous solution of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide and Triton-100. Living bacterial cells cause the plate violet color while bright spots (killed bacteria) confirm toxicity of given compound against Pseudomonas. Fig. 4 . Solutes 3-7 developed with heptane-1,2-dichloroethane before (A) and after (B) biological detection, and the effects of L-arginine (C),glutathione (D), and Cu2+ ions (E) on the antibacterial activity of the compounds. .
BASIC ELEMENTS OF
The photos presented on Figure 4 and densitograms on Figure 5 show that L-arginine reduced while glutathione completely inhibited antibacterial activity of the substances. The effect of Cu 2+ ions is also unambiguous: copper ions dramatically increase toxicity. These phenomena are visible only in the spots, not on the whole plate, and must be connected with compounds tested. The investigations confirm the mechanism of toxic action as connected with HCHO cycle and formaldehydome system. In the study biochemical informations were correlated with chromatographic lipophylicity parameters log k w calculated by numerical method from TLC measurements. The BioArena system is convenient, inexpensive and easy to do experimental method for studying different bioactive compounds, especially newly synthesized, and is a real alternative to animal experimentation. 
Conclusions
Liquid chromatography, at the first place very effective separation technique, is more and more often accepted in different outside separation applications. Reversed-phase liquid chromatography is very useful and reliable in studying lipophylic properties of different bioactive compounds like pesticides. The advantages of chromatographic evaluation of lipophylic properties of such substances are beyond dispute. In Table 3 there are summarized applications of different RP LC techniques, i.e. column with isocratic and gradient elution and planar chromatography, as well as techniques applying micellar mobile phases, from last two decades, related to pesticides -commercial and newly synthesized. In the case of new substances being at the stage of investigations and with potential significance in industry or agriculture, chromatographic techniques seems to be especially attractive. They are the source of interesting and valuable informations about solute lipophylicity, structural properties, partition or even biological activity. Though chromatographic lipophylicity indices are recognized as standard parameters characterizing new bioactive substance, they are not universal. In chromatographic measurements various stationary and mobile phases are used and systematical studies could produce a large chromatographic lipohylicity database similar to log P values. So far micellar techniques, very attractive in lipophylicity studies due to simplicity and short analysis time, are not very popular in studying pesticides. Special attention should be paid to BioArena, the system combining separation with biological investigations. BioArena was with great success used to investigate different active substances but so far only occasionally for pesticides. 
